S
ELF-RATED health, the perception and evaluationof one's own health, is an important health outcome. A large number of studies have shown that self-rated health is a strong predictor of mortality that is independent of objectivehealth [for a review, see Idler and Benyamini (1) ]. Furthermore, self-rated health is an indicator ofwell-being and quality oflife (2, 3) and a significant predictor of use of health care services (4). Selfrated health is also a frequently used measure to calculate the healthy life expectancy (5) .
Many physical and psychosocial determinants of self-rated health have been described,but in elderly populationsthe main determinantof (subjective) self-ratedhealth is (objective) physical health, that is, chronic conditions and disabilities.The relationshipsbetweenchronicconditions,disabilities, and self-rated health in elderly people have been described in many studies (6) (7) (8) (9) (10) (11) (12) . The associations between chronic conditions and selfrated health are partly mediated by disabilities,but chronic diseases also have a directeffecton self-rated health (6, 7) . In one of the few studies that compared specific chronic conditions and their impact on self-rated health, Kempen and coworkers (13) observed that health perceptions were most affected by heart conditions, followed by asthmalchronic bronchitis, joint complaints, back problems, and diabetes. In two similar studies, although in the general adult population (not only elders), heart diseases, chronic lung problems or asthma, and diabetes were also found to have a largeimpact on healthperceptions (3, 14) .
For publichealthpolicy, it is particularly relevant to expressthe importance of chronic conditions not only from the patient perspective but also from the population perspective.Results from the patientperspectivegive insightinto the health losses that accompany specific diseases in individual patients. Populationattributable risksgiveinsightinto the extentto whichthe totalburden of poor self-rated health in a population can be ascribed to specific chronic conditions (or can theoretically be prevented whenthesediseases are eliminated). Thesepopulation-attributable risks are not only based on the strength of the associations between chronic conditions and self-rated health, but also on the total prevalence of chronic conditions. However, we found no studiesthat tried to quantifythe attribution of chronic conditions to the totalburdenof poorself-rated healthin the population.
In the present study, we investigated the contributionof seven common somatic chronic conditions (coronary heart disease, stroke, diabetes mellitus, cancer, respiratory symptoms, back pain, and musculoskeletal complaints) and disabilities to selfrated health from the patient perspective and from the population perspective. The research questions were: (a) What is the impact of the selected chronic conditions on self-rated health, independent of disabilities? and (b) To what extent can poor self-ratedhealth in this population of elderly men be attributed to the selectedchronic conditionsand disabilities?
METHODS
Study population.-The Zutphen Elderly Study (15, 16) , a continuationof the Zutphen Study,is a longitudinalpopulationbased study on lifestyle, chronic diseases, and health in elderly men born between 1900 and 1920 and living in Zutphen, The Netherlands. In 1985, all survivors ofthe original cohort and a
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Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/54/10/M501/594968 by guest on 10 March 2018 random sample of all other men in the same age range living in Zutphen were recruited. This resulted in a target population of 1,266 men, of whom 939 (74%) participated. This group formed the cohort of the Zutphen Elderly Study. In 1990, 1993, and 1995, all survivors were invited to the follow-up surveys (Table 1) . In 1990, subjects were invited to come to the hospital for a medica1 survey and tests. They then received a questionnaire regarding chronic diseases, disabilities, and self-rated health to fill in at horne and return by rnail. Missing items were supplied after telephone contact or horne visits. In 1993 and 1995, subjects received the questionnaire by mai1 and were visited one week later in order to obtain a signed informed consent, check the questionnaire, and carry out tests for physical and cognitive functioning. The study has been approved by the medieal ethics committee of the Netherlands Organization for Applied Scientific Research (TNO). In 1990, 1993, and 1995, disabilities and self-rated health were measured, and complete information on self-rated health, chronic conditions, and disabilities was available for 509,381, and 340 men, respectively.
Measurements.-Self-rated health was measured with a single question: "We would like to know how you rate your health. Please check what fits best in your case. Do you feel healthy, rather healthy, moderately healthy, or not healthy?" The value of this measure of self-rated health as apredietor of mortality was shown in a previous study (15) . In the present study, self-rated health is diehotomized into good health ("healthy" and "rather healthy") and poor health ("moderatelyhealthy" or "not hea1thy").
Disabilities were based on self-report and defined as needing help with basic activities of daily living (BADL), mobility, and instrumental activities of daily living (IADL), as described in detail in an earlier publication (16) . Because of the observed hierarchy of these dimensions, a hierarchic disability scale was constructed distinguishing four exclusive categories: (i) not disabled, (ii) disabled in IADL only, (iii) disabled in mobility and IADL, and (iv) disabled in BADL, mobility, and IADL. The men who did not fit into this hierarchy (± 5%) were classified according to their most disabling dimension (16) .
Coronary heart disease was defined as a history of angina pectoris and/or a history of myocardial infarction, of which information was obtained through the Dutch translation of the Rose questionnaire (17) . Stroke was defined as a sudden onset of neurological paralyses lasting longer than 24 hours. Diagnoses of angina, myocardial infarction, and stroke were verified with hospital records and written information from the subjects' general practitioners. Diagnoses of cancer were verified with information from the cancer registry. Diabetes, respiratory symptoms, back pain, and musculoskeletal complaints were solely based on selfreport with a standardized questionnaire. Diagnoses of diabetes mellitus concerned both insulin-dependent as weIl as noninsulin-dependent diabetes mellitus. Back pain and musculoskeletal complaints were both measured with a single question. A diagnosis of respiratory symptoms was based on whether at least one of the following four symptoms was.reported: chronie cough, chronic phlegm, wheezing, or shortness of breath.
Statistical analyses.-Analyses were carried out using SAS software, version 6.11 (Cary, NC). All tests were two-tailed; a p value of .05 or lower was considered to be statistically significant. The associations of poor self-rated health with chronic conditions and disabilities (research question a) were based on repeated measurements analyses. In this procedure, data from all three surveys can be used, because the correlation within respondents is taken into account. Regression coefficients are estimated without making use of the variance assumption. We used a model with a logit link function, a binomial distribution of the dependent variable, and a compound symmetry structure for the covariance matrix. These models can be analyzed using GEE, an SAS macro for analyzing longitudinal and correlated data using the Generalized Estimated Equations approach of Liang and Zeger (18) . Three different models were constructed; all contained self-rated health as the dependent variable, and age and survey year as covariates. In modellthe independent variable was the number of chronic conditions in dummy variables, with no chronie condition as the reference category. In model 2 the seven separate chronie conditions were included as independent variables. The resulting odds ratios (ORs) represent the risk of disabilities for those with the specific disease compared to those without that disease, adjusted for all other selected chronic conditions. Model 3 included the separate chronic conditions (as in model 2) and the hierarchie disability scale (in dummy variables with no disabilities as reference group).
To study whether the associations between diseases and selfrated health differed by age group (age at examination), birth cohort (age at baseline), or survey year, interaction terms with the number of chronie diseases were included in the model. In case of a significant interaction term, the odds ratios were calculated stratified by age, birth cohort, and survey year.
To calculate the proportion of the total prevalence of poor self-rated health that could be attributed to chronic conditions (the population-attributable risk; PAR), logistic regression coefficients for each disease derived from the repeated measurement models (model 2) and the actual presence of each disease were used [research question b; (19) ]. First, the prevalence of poor self-rated health was recalculated by averaging the predieted probability of poor self-rated health for all respondents. Second, each disease was eliminated one by one, by setting the prevalence of the disease to zero among all respondents. The difference between the resulting prevalence and the recalculated (or real) prevalence is a measure of the contribution of the individual disease to the total prevalence of disabilities (= PAR). Third, all conditions were eliminated and the estimated prevalence of poor self-rated health was calculated.
We also estimated the extent of poor self-rated health that could be attributed to disabilities. Regression coefficients of model 3 were used for these analyses. FinaIly, all conditions and all disabilities were eliminated in order to calculate the PAR for chronic diseases and disabilities together.
RESULTS
The health of the population deteriorated during five years of foIlow-up ( Table 1 ). The proportion of men who rated their health as poor (moderately healthy or not healthy) increased from 11% at baseline in 1990 to 19% in 1995; the proportion with disabilities increased in this time period from 47% to 61%; and the proportion with chronie diseases increased from about 81 % to 86%. The proportion of the population with two or more diseases (comorbidity) increased from 46% to 60%. Table 2 shows that chronic conditions were significantly associated with poor self-rated health in almost a dose-response rela- or with specific diseases(model2). For both models,the OR was 1.0(p > .95).In model 3, which also includeddisabilities, the association betweenage and self-rated healthwas borderline significant(OR =0.96(0.91-1.00),p =.07).Theseresultsindicate that self-rated healthis not relatedto age,but relative to the functional statusself-rated healthtendsto improve with age.
The interactionterm between the number of chronic diseases and age was significant, as was the interactionterm with survey year. Table 3 shows the odds ratios on poor self-ratedhealth for each additional chronic disease, stratified by survey year and age. The association between the number of diseases and selfrated health became less strongwith increasingage and time.
From the population perspective, a total of 63% of the total prevalenceof poor self-ratedhealth in this population could be attributedto the seven chronic conditions (Table4), with respiratory symptoms (28%), musculoskeletal complaints (24%), tionship (modell): the OR for poor self-ratedhealth was 5.3 for one disease, 13.3 and 11.0 for two and three diseases, and 24.7 when four or more diseases were present(p for trendwas <.001). Stroke was the disease most strongly associated with poor selfrated health (OR =3.5,95% confidenceinterval [CI]is 1.8-6.9).
Respiratory symptoms, coronary heartdisease, diabetes, and musculoskeletal complaints were also significantlyrelated to poor self-rated health, butcancerandback painwerenot (model2). Disabilitiesin mobility and BADL were significantly associated with poor self-rated health, whereas disabilities in IADL were not. After disabilities were included in the model (model 3), the associations between chronic conditions and poor selfrated health became weaker but remained statistically significant. The reduction in the ORs was approximately 20% except for respiratory symptoms, for which the OR on poor self-rated health was barely reduced. The association between diabetes and poor self-rated health became nonsignificant after the inclusion of disabilities.
The association betweenage and self-rated healthwas not significantin the modelswith number of chroniediseases (modell) *Calculatedover all years of study,using a repeated measurement model. and coronary heart disease (13%) being the most important conditions (model 2). In model 3, which included chronic conditions and disabilities, 54% of the poor self-rated health could be attributed to the chronic conditions and 40% to disabilities. Because the associations overlap, 73% could be attributed to chronic conditions and disabilities together.
DISCUSSION
The association between the number of chronic conditions and poor self-rated health can be characterized as a doseresponse relationship. Of the studied chronic conditions, stroke had the largest impact on self-rated health, followed by respiratory symptoms, coronary heart disease, musculoskeletal complaints, and diabetes. These results confirm the health impact of lung diseases (respiratory symptoms, asthmalchronic bronchitis), heart disease (congestive heart failure, heart attack, coronary heart disease, heart condition, angina), musculoskeletal diseases (joint complaints, musculoskeletal complaints), and diabetes for self-rated health, as described in earlier studies in elderly (13) and general adult populations (3, 14) . Stroke, which was associated most strongly with self-rated health in our elderly study population, was only included in the study by Lyons and colleagues (14) , where the effects on health perceptions were observed to be smaller. But from patient studies it is known that even mild stroke has a large impact on general health (20, 21) .
Cancer and back pain were not associated with self-rated health in our population. Inconsistencies with other studies that did find a significant effect of back pain (3, 13, 14) may be due to differences in methods and study populations. Two of these study populations (3, 14) , for example, do not consist of elderly people, and it is likely that back problems have more health consequences in a middle-aged population (e.g., in work situations) than in elders. Differences in methodology are mainly due to the definition of cases. In two of the earlier studies, back pain was defined as physician-treated cases (13, 14) , whereas in our study back pain was measured with self-report. Furthermore, back pain was significantly associated with self-rated health when analyzed independent of other chronic diseases (OR = 1.4,95% CI = 1.0-2.0). Only when adjusted for musculoskeletal complaints did the association become insignificant.
The nonsignificant effect of cancer on self-rated health (also when studied independent of other diseases) can be explained by the fact that some types of cancer have a high case-fatality, whereas other types have a high recovery rate. In our study population, the most prevalent types of cancer were relatively mild types with a high recovery rate, such as skin cancer and cancer of the intestines and of the prostate. Further explanations refer to time since diagnoses. When the cancer was diagnosed a longer time ago, people might have retumed to their previous health state or might have adapted to a lesser health state.
Although the study had a longitudinal design, with three waves of data measurements, the data could not be analyzed longitudinally due to a lack of power. The numbers of men with a specific disease were too small to get reliable estimates of the risks. Instead, the data of the three waves were combined and analyzed with a repeated measurements design. The resulting estimates of the risks are more stable. Furthermore, this method allowed us to analyze differences in odds ratios between the waves of measurement.
The self-report of cardiovascular diseases and cancer was verified with information from physicians, but cases of diabetes, respiratory symptoms, back pain, and musculoskeletal complaints were solely based on self-report. From the literature it is known that the agreement between self-report of chronic diseases and medical information is high for cardiovascular diseases and diabetes, and lower for less serious or unstable diseases such as respiratory problems, back pain, and arthritis (22) .
When the associations between chronic conditions and selfrated health were adjusted for disabilities, most associations were reduced but remained statistically significant. Although this might be explained by residual confounding, it probably indicates that part of the association between diseases and selfrated health was mediated by disabilities, but that chronic conditions also had a direct effect on self-rated health. Possible explanations for this direct effect are clinical symptoms and impaired psychosocial functioning that accompany chronic diseases (3, 13, 14) and affect self-rated health.
In this study an indication is found that the general association between the number of diseases and self-rated health was reduced with age. We could not demonstrate this effect for the associations between the separate conditions and self-rated health. In a previous study, we observed that the association between disabilities and self-rated health reduced with age, leading to an insignificant association in the oldest group (12) . This was explained by the possibility that the oldest old accept a deterioration of functional status as a consequence of aging, and not as an aspect of poor health (23, 24) . Probably, a similar mechanism exists for the association between chronic diseases and self-rated health in the oldest old. More research on the age-dependent determinants of self-rated health is recommended.
Of the total prevalence of poor self-rated health in this population, 63% could be attributed to the selected chronic conditions, with respiratory symptoms, musculoskeletal complaints, and coronary heart disease making the largest contributions. 
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Although stroke was associated with the largest losses in selfrated health on the patient level, the prevalence was too low to make an important contributionon the population level. On the other hand, the associations between coronary heart disease, musculoskeletal complaints, and self-rated health were only moderate, but due to the high prevalence of these conditions, they made a relatively large contribution on the population level. This phenomenon has been described by Rose (25) , who states that a "large number of people at small risk give rise to more cases than the small number who are at high risk."
The PAR of poor self-rated health for a specific disease can be interpreted as the percentageof poor self-rated health that can be preventedwhen this specificcondition is eliminatedor when the effects on self-ratedhealth are "blocked."However, the predicted health gain will be smaller than expected, because selfrated health is a relativemeasure.When the objective health status of a total population improves, the subjective health status will improve less, because people rate their health on the basis of comparisons and expectations (26, 27) . Peoplewill adjusttheir health expectations to the higher health standards.Those at the lowest end of the distribution of health will evaluate their own health as being poor, independent of a shift in the total distribution of health. Hence, the sensitivityof self-ratedhealth may be too low to monitor trends in the health status in elderly populations. Therefore, health surveys that evaluate health changes in old age need also to includeobjective healthmeasures.
About a quarter of the total prevalence of poor self-rated health could not be attributedto the selected chronic conditions and disabilities. However, we did not include all somatic diseases that potentially lead to losses in self-ratedhealth, such as urogenital diseases, gastrointestinaldiseases,renal disease, and epilepsy.The prevalenceof these diseases is too low in a population-based sample. Furthermore, we did not take into account depression, dementia, and other mental conditions, although it has been shown that depression severely affects health perceptions (28). Our study was limited to somaticchronic conditions, because the associations with mental conditions (e.g., depression) are more complex, as they can be both causes and consequences of chronic diseases. To distinguish depression as a cause of poor self-ratedhealth or as a consequencewas not possible in our study design. Therefore, the presence of diseases and disability might contribute more than three quarters to the prevalenceof poor self-ratedhealth.
The results of this study might have been biased because of dropout. Reasons for dropout are death, ill health, or no interest in the study. We showedthat dropoutdue to ill healthor no interest can lead to bias in the prevalence and associations of diseases, disabilities,and self-ratedhealth (29) . Dropout due to mortality of the least healthy subjects might also lead to bias. Those who are least healthy have a smaller chance of staying in the study than those who are most healthy, becausepoor healthis a predictor of mortality. However, we used a repeatedmeasurements design in which we did not exclude those who participatedin less than three surveys. All men who participatedin at least one survey were included in the analyses. Therefore, the study population is not biased due to dropout of the deceased. Only if we had limitedthe studypopulation to thosewho participated in an three surveys would our results have been biased, because they are more healthyat baselinecomparedto thosewho droppedout.We have shownthiseffectin an earlierpublication (30).
To summarize, this study gives insight into the association between somatic chronic conditions,disabilities,and self-rated health from the patient perspectiveas wen as from the population perspective. The disease that resulted in the largest loss in self-rated health in individual patients was stroke, followed by respiratory symptoms, coronary heart disease, musculoskeletal complaints, and diabetes. The effects of these diseases on selfrated health were partly, but not completely, mediated by disabilities. From the populationperspective, the largestpart of the total prevalence of poor self-rated health could be attributed to respiratory symptoms, musculoskeletal complaints, and coronary heart disease. Future longitudinal studies are needed to confirm the observed associations between the diseases, age, and self-ratedhealth in larger sampleswith a broader age range, in males and females, in different cultures, and taking into account more diseases, somaticas weil as psychiatricdiseases.
